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0O46] As described in the Detailed Description of the Invention hereinbelow, a number of patents and 
published patent applications describe the gene sequences for fibronectin, fibrinogen, collagen, elastin, 
and MHC II antigen type binding proteins. These patents and patent applications are incorporated by 
reference in their entirety. These documents teach that the proteins, fragments, or antibodies 
immunoreactive with those proteins or fragments can be used in vaccinations for the treatment of S. 
aureus infections. PCT/US97/087210 discloses the vaccination of mice with a combination of a collagen 
binding protein (M55 fragment), a fibronectin binding peptide (formalin treated FnBPA (D1-D3)) and a 
fibrinogen binding peptide (ClfA). 
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] X mouse mastitis model was used by Mam o, et al, in 1994 (Vaccine, 12^ 988-992) to study the effect 
of vaccination with fihggo^^ FnBP-A) andCcSSggn Jmiding pro £&i from 

S. aureus against challenge infection with S. aureus. The mice vaccinated with fibrinogen binding 
proteins showed reduced rates of mastitis compared with controls. Gross examination of challenged 
mammary glands of mice showed that the glands of mice immunized with fibrinogen binding proteins 
developed mild intramammary infection or had no pathological changes compared with glands from 
control mice. A significantly reduced number of bacteria could be recovered in the glands from mice 
immunized with fibrinogen binding proteins as compared with controls. Mamo then found that 
vaccination with FnBP-A combined with staphylococcal alpha toxoid did not improve the protection 
(Mamo, et al, Vaccine, 12:988-992, 1994). Next, Mamo, et al, immunized mice with only collagen 
binding protein, which did not induce protection against the challenge infection with S. aureus. 
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ponents such as fibronectin, various collagens, thrombospondin , vitronectin, 
laminin and proteoglycan structures such as heparansulphate. Present con- 
cepts of how mucosal pathogens associate with receptors in the mucin layer 
on epithelial cells and in submucosal tissues will be reviewed with examples 
of host-prasite interactions from different mucosal surfaces with special 
emphasis on the gastric pathogen Helicobacter pylori and the stomach mucosa, 
finally, other pathogens such as staphylococci and Group A, C and G strepto- 
cocci colonize in open wounds by hydrophobic surface proteins and fibro- 
nectin and collagen binding proteins will also Oe summarized and how this 
new knowledge of host-parasite re£ep_tor_ Hgand. .interactions .may -be-used- -to- 
develop" " an ti -adhesion prophylaxis such as adhes in-based vaccines anti-adhe- 
sion therapy based on the "hydrophobic principle" will also be summarized 
with a future perspective in such unconventional strategies to combat infec- 
tions without using antibiotic and chemotherapeutic compounds. 
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Fifty nictliicillin-rcsistant Staphylococcus aureus (MRSA) initial isolates obtained from patients hospitalized 
in the orthopedic clinic of the Frankfurt University Hospital and 150 methicillin-scnsitive.V/fl/y/o/oc£>cfi«<ii/m/.v 
(MSSA) isolates were investigated in this study to determine whether the Slidex Staph-Kit is capable of dif- 
ferentiating between MRSA and MSSA owing to its unique performance characteristics. The Slidex Staph-Kit 
is a combined latex hemagglutirwJ^c^tcsLdcsign^Joj^ect clumping factor, protein A t and a specific surface 
immunogen for S. aureus. Cluj^ing f actor-positive slrain^eause erythrocytes sensitized with fibrinogen to 
hemagglutinate, thereby resultn%tn^slrjren^^c aureus strains deficient in clumping factor agglu- 

tinate latex particles sensitized with specific antibodies against surface proteins of 5. aureus, thereby resulting 
in visible white clumps. Our results demonstrate that white clumping has a 99% specificity as well as a 98% 
positive pred i ctive vajue^ for^M ^ ti ve MRSA, which have been reported to occur in 

^-•^^crei^FeWntn account for 80% of all MRSA initial isolates in the 

orthopedic clinic offbeFrankfurt University Hospital. Ccnotyping of all MRSA isolates by macrorestriction 
analysis of chromosomal DNA revealed that 83% of clumping factor-negative MRSA are closely related to the 
"southern-German" epidemic strain. This is the first study demonstrating (he Slidex Staph-Kit's capability for 
identifying epidemic clumping factor-negative S. aureus strains as methicillin resistant even prior to antimi- 
crobial susceptibility testing. 



Cr 



U/li 



Li 



| j Vol. 37, No. 3 



Methicillin -resistant Staphylococcus aureus (MRSA) strains 
were initially described in 1961 and emerged in the 1980s as a 
major epidemiological problem in hospital settings (8, 16). 
MRSA strains with widely different properties have now be- 
come endemic in hospitals and are considered important noso- 
comial pathogens (14, 24, 26). Methicillin resistance rates dif- 
fer markedly among countries and range from less than 1% in 
Scandinavia to 60% in Japan (11, 27). 

Accordingly, rapid detection of MRSA is crucial for pur- 
poses of initiating hygienic measures and preventing further 
spread of the pathogen. Commercially produced agglutination 
kits are available for the rapid identification of S. aureus by 
clinical laboratories. Nonetheless, virtually all of them have the 
drawback that additional time-consuming antimicrobial sus- 
ceptibility testing generally is required in order to detect meth- 
icillin resistance in S. aureus. 

The aim of this study was to assess the capability and spec- 
ificity with which the Slidex Staph-Kit differentiates between 
MRSA and methicillin-susceptible 5. aureus (MSSA). 

MATERIALS AND METHODS 

Bacterial strains. A total of 50 MRSA isolates and 150 MSSA isolates were 
investigated in this study. The MRSA initial isolates were cultured from clinical 
specimens obtained from the orthopedic dinic of the Frankfurt University Hos- 
pital between 1993 and 1997. All isolates had been classified as MRSA during 
routine investigations and were stored in stock cultures prior to the study, as 
described previously (29). The MSSA isolates were cultured consecutively from 
clinical specimens obtained from the Frankfurt University Hospital. S. aureus 
ATCC 25923 was employed as the reference strain. 



* Corresponding author. Mailing address: Institute of Medical Mi- 
crobiology, University Hospital of Frankfurt, Theodor-Stern-Kai 7. 
60590 Frankfurt am Main, Germany. Phone: 49/69/6301*5019. Fax: 
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Agglutination kits and further chirBctcrizjition. The Slidex Staph-Kit (bi 
oMerieux Vitek. Inc., Hazelwood. Mo.) is a laiex and erythrocyte combination 
agglutination system for the detection of clumping factor, protein A and other 
specific immunogens of 5. aureus. The Staphylase test (Oxoid, Basingstoke. 
England) is an erythrocyte agglutination kit for the detection of clumping factor. 
Both agglutination tests were performed according to the manufacturers* instruc- 
tions. A tube coagulase test was performed on each isolate. Plasma coagulation 
was tested with rabbit plasma (Difco, Detroit, Mich.), and (he results were read 
after 2, 4. 6, and 24 h at 37X. All isolates were screened for hyaluronidasc 
activity by testing the decapsulation reaction on a cross- inoculated streak of a 
mucous strain of Streptococcus rqui (9, 19). 

Detection of methicillin resistance. All of the S. aureus isolates were cultured 
on Mueller-Hinton agar supplemented with 6 ug of oxacillin/ml and 4% NaCl 
(Bioiest, Heidelberg, Germany) (13, 20). The plates were incubated at 30°C for 
48 h and examined for evidence of growth to detect resistance phcnotypically. 
The presence of the mecA gene was proved for all strains by means of PCR. 
Purification of bacteria! DNA was carried out with the Ql Amp tissue kit (Qia- 
gen, Hildcn, Germany) in accordance with (he manufacturers* instructions. Am- 
plification of the tnecA gene was performed with the primers fn*cAl (5'-AAA 
ATC GAT GGT AAA GGT TGG C) and mecAl (5'-AGT TCT GCA GTA 
CCG GATTTG C), yielding a PCR product of 533 bp (15). DNA amplification 
was carried out for 30 cydes as previously described (25): denaturation at 94°C 
for 1 min, annealing at 57"C for 1 min. and extension at 72*C for 2 min, with a 
final extension at 72"C for 5 min. The PCR product was cleaved by (he restriction 
enzyme Hhal (New England BioLafas, Schwalbach, Germany) to confirrn the 
specificity of (he mecA primers (25). Electrophoresis of DNA was carried out in 
2% agarose gel, which was (hen stained whh eihidium bromide and photographed 
under UV light 

Gtnoiyplng. All MRSA isolates were analyzed by pulsed-field gel electro- 
phoresis (PFGE) as described previously (29). Briefly, genomic DNA was pre- 
pared in low-melting-point agarose plugs and digested with Smo\ restriction en- 
zyme (New England BioLabs). Electrophoresis was performed on the CUEF-DR 
III (Bio-Rad Laboratories, Richmond, Calif.) apparatus. A constant voltage of 6 
V/cm was applied, with an increasing pulse time of 5 to 50 s over a period of 22 h 
in order to separate DNA fragments. Computer-aided analysis of DNA fragment 
patterns was performed with the DNA fingerprint analysts software Wincam 2.2 
(Cyberlech, Berlin, Germany). 

RESULTS 

Strain characterization. Coagulase production and hyal- 
uronidase activity was demonstrated for all S. aureus isolates in 
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this study. Mcthicillin resistance was proved genotypiailly for 
all isolates by amplification of the mecA gene (Fig. 1) as well 
as phenotypically by growth on Mueller-Hinlon agar supple- 
mented with 6 p.g of oxacillin/ml and 4% NaCI. 

Gcnotyping. Macrorestriction analysis of 50 MRSA initial 
isolates obtained from the orthopedic clinic of the Frankfurt 
University Hospital in a 5-year period revealed 18 different 
genotypes (Fig. 2). Fifty percent of all isolates belonged to type 
1, and strongly corresponding restriction fragment patterns 
indicating close clonal relatedness between MRSA types 1, 7, 
71, and 72 were obvious (Fig. 3). 

AgglutinatioD performance. Table 1 compares the perfor- 
mance of the Slidex Staph-Kit with that of the Staphylase 
agglutination test. It could be demonstrated that all MRSA 
initial isolates closelv related to the epidemic strain, as well as 
isolates belonging tcy^fe^^^gT^^^^S^exhibited 
white-clumping behavfoTfFig JjTin everylnslance where the 
Slidex Staph-Kit exhibited white clumping the Staphylase ag- 
glutination test was negative, which indicates that these strains 
werejrtJeastjjJiej^^ negative. In con- 

trast, 149o? 150 MSSA isolatesclass ified^u7rng"rOut i ne i h ves" "\ 
tigalion were determined to be clumping factor positive, i.e.,| 
they exhib ited r ed-clumping behavior (Fig. 5). 

DISCUSSION 

Rapid and accurate identification of methicillin resistance in 
S. aureus is of ongoing clinical importance for controlling the 
spread of this pathogen within hospital settings. The plasma 
coagulase test is generally acknowledged as the "gold stan- 
dard" for the identification of 5. aureus. Nevertheless, the use 
of commercial agglutination kits for identifying S. aureus is 
widespread in clinical microbiological laboratories, since these 
tests are easy to perform and the results are available within 
minutes. Whereas the first-generation agglutination kits arc 
capable of detecting clumping factor and/or protein A for 
S. aureus strains while failing to identify certain MRSA strains 
(3, 22), second-generation agglutination kits, such as the Slidex 
Staph-Kit, possess the additional feature of being able to de- 
tect specific surface antigens for 5. aureus. Numerous studies 
have been published confirming the high sensitivity and spec- 
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FIG. 2. PFGE patterns of Smal digests of total DNA from representatives ol 
each pulsorype (indicated by numbers above lanes). Lanes M, size markers. 
Molecular sizes (in kilobases) are indicated on the right. 



ificity of these second-generation kits for the identification of 
MSSA as well as MRSA (1, 4-6, 10, 17, 23, 30). Definitive 
detection of methicillin resistance, however, still requires time- 
consuming antimicrobial susceptibility testing. 
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FIG. 3. Computer-aided analysis of different PFGE types, indicating clonal 
relatedness. 
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TABLE I. Performance of the Slidcx Staph-Kit and Staphylasc 
test for the identification of MRSA and MSSA 
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" VV, white clumping; R. red clumping; no clumping; ND. noi determined. 
' R/W. both K (« = 149) and W (n = 1). 



This is the first study demonstrating that the Slidcx Staph- 
Kil is a reliable and, above all, rapid method for identifying 
epidemic clumping factor-negative MRSA even prior to anti- 
microbial susceptibility testing. Owing to its unique design as a 
combined latex and hemagglutination lest, it reacts, in contrast 
to all the other latex agglutination kits, in two different ways. 
Red clumps indicate the presence of clumping factor, with 
which S. aureus causes erythrocytes sensitized with fibrinogen 
to agglutinate (Fig. 5). White clumps, on the other hand, signal 
both the absence of clumping factor and the presence of other 
immunogens, which trigger the agglutination of the latex par- 
ticles (Fig. 4). This study shows that white clumping has a 99% 
specificity and a 98% positive predictive value for the detection 
of methicillin resistance in S. aureus. Fifty percent of all initial 
isolates obtained from the orthopedic clinic of the Frankfurt 
University Hospital and more than 60% of all initial isolates in 







1'IG 5. Performance charncicrisiics of Slidcx Si.iph-Kit: red clumpinji. M;»j:- 
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the Frankfurt metropolitan area, including si\\ community hos- 
pitals and the University Hospital (29), belong to one geno- 
type, which has been identified by the Robert Koch Institute, 
l he German national institute of infectious diseases, as the 
so-called "southern-German" epidemic strain. This epidemic 
strain is clumping factor negative and exhibits while-clumping 
behavior. Furthermore, it is not only epidemic in the south but 
is also widespread in the northern parts of Germany (22, 31). 
Since bacteria do not respect international boundaries, it came 
as no surprise when epidemic MRSA strains kindly sent to our 
institution from Slovakia and Italy exhibited the same south- 
ern-German genotype and showed while-clumping behavior 
(data not shown). As demonstrated by PFGE in this study, it is 
not only the southern-German epidemic strain which is clump- 
ing factor negative; other MRSA genotypes also manifest this 
typical agglutination characteristic. 

The Slidex Staph-Kit, of course, is neither designed nor 
licensed to detect resistance, and as such, white clumping can 
be regarded only as a clue to methicillin resistance. Nonethe- 
less, to the extent that the white clumping serves as a strong 
indicator for MRSA, rapid tests can be conducted which con- 
firm methicillin resistance and, upon request, species identity 
within 4 hours. This validation can be achieved genotypically, 
for example, by multiplex PCR, a method that enables the 
delcction of the mecA gene and a species-specific gene for 
S. aureus within 5 to 6 h (2, 21). Quicker and less labor inten- 
sive is the phenotypical verification of MRSA with the BBL 
Crystal MRSA ID system from Becton Dickinson, which can 
be performed within 4 h (12, 18, 28). Finally, the phenotypical 
lest for plasma coagulation can be performed to confirm spe- 
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FIG. 6. Procedure for the rapid identification of clumping factor- negative 
MRSA with the Slidex Staph-Kit. 
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cics spccilieily, analogous to the gcnolypic conliimauon by 
multiplex PGR (7) (Fig. ft). 

The results of this study, as well as the fact that a modern 
second-generation agglutination test was required owing to the 
rising incidence of clumping factor-negative MRSA, indicate 
that all clumping factor-negative MRSA strains are capable of 
being recognized by the Slidex Slaplt-Kit with its differentiated 
agglutination characteristics. In view of these findings, the Sli- 
dex Staph-Kil is a valuable tool in clinical laboratories with a 
freijueul occurrence of clumping factor-negative MRSA. 

In conclusion, this study confirms the Slidex Staph- Kit's ahil- 
ily within the context of the clinical microbiological lahouiloiy 
n> pinpoint certain epidemic MRSA strains 24 I) prior to the 
lin.il resulls provided by antimicrobial susceptibility testing. In 
(urn. the initiation of effective infection control measures may 
reduce the spread of this pathogen. 
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